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cerning frost  action  was  prepared  by  Mr.  Hart  • id  by  Mr.  G.  D.  Gilman  of 
CRREL. 
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Conversion  Factors 


British  to  Metric  Units 


of  Measurement 


British  units  of  measurement  used  in  this  report  can  he  converted  to 
metric  units  as  follows  : 


Multiply 

By 

To  Obtain 

inches 

2.54 

centimeters 

feet 

0.3048 

meters 

miles  (U.  S.  statute) 

1.609344 

kilometers 

square  inches 

6.4516 

square  centimeters 

square  yards 

0 . 8361274 

square  meters 

miles  per  hour 

1.609344 

kilometers  per  hour 

pounds  (mass) 

0.45359237 

kilograms 

pounds  (force)  per 
square  inch 

0.6894757 

newtons  per  square 
centimeter 

Fahrenheit  degrees 

* 

Celsius  or  Kelvin  degrees 

To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  read- 
ings, use  the  following  formula:  C = (5/9)(F  - 32).  To  obtain  Kel- 

0 + 


vin  (K)  readings,  use:  K = (5/9)(F  - 32)  + 273.15- 
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Authority 


1.  Authority  Tor  f( inducting  condition  surveys  at  selected  air- 
fields is  contained  in  amendment  to  '■"{  197;  RDTE  Minding  Authorization 
i'-'J-M , It  February  '97' \ subject:  "Air  Force  Airfield  Pavement  Re- 

earch  Program, " from  the  Office,  Ihief  of  ingineers , U.  S,  Army,  Direc- 
■ >rate  >f  Military  instruction,  dated  18  I’ebruary  1972. 

Purpose  and  Scope 

4/ 

The  purpose  of  this  report  is  to  present  the  results  of  a con- 
dition survey  performed  at  Malmstrom  Air  Force  Base  (MAFB),  Montana, 
during  21-27  April  1972-  s The  following  three  major  areas  of  interest 
were  considered  in  this  condition  :urvey: 

/ j\  The  structural  condition  of  the  primary  airfield  pavements. 

<&■)  The  condition  of  pavement  repairs  and  the  types  of  mainte- 
nance materials  that  have  been  used  at  this  airfield. 

'-(*)  Any  detrimental  effects  of  frost  to  the  pavement 
facilities. 

K 

3.  This  report  is  limited  to  a presentation  of  visual  observa- 
tions of  the  pavement  conditions,  discussion  of  these  observations, 
and  pertinent  remarks  with  regard  to  the  performance  of  the  pavements. 

Mo  physical  tests  of  the  pavements,  foundations,  or  patching  materials 
were  performed  during  this  survey. 

Pertinent  Background  Data 
ieneral  description  of  nirfieid 

It.  MAFB,  formerly  identified  as  Great  Falls  Arm;/  Air  Base  and 
Great  Falls  Air  Force  Base,  is  located  in  Cascade  County,  Montana, 
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1 


1 
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approximately  4 miles*  east  of  Great  Falls , Montana.  A vicinity  map  is 
shown  in  plates  1 and  2. 

5.  In  April  197?,  the  airfield  facilities  consisted  of  a NE-SW 
(02-20)  runway,  a parallel  taxiway,  a large  parking  and  maintenance 
apron,  alert  aprons,  two  warm-up  aprons,  connecting  taxiways  to  the  run- 
way and  aprons,  and  a calibration  hardstand.  The  runway  was  200  ft  wide 
and  11,900  ft  long;  the  parking  apron  was  425  to  875  ft  wide  and  approx- 
imately 9,450  ft  long.  The  taxiways  were  75  ft  wide,  except  for  a por- 
tion of  taxiway  A,  which  was  175  ft  wide.  A layout  of  the  airfield  is 
shown  in  plate  1.  A pavement  plan  indicating  the  type  of  pavement  on 
each  facility  is  shown  in  plate  2, 

Previous  reports 

6.  Previous  reports  concerning  MAFB  are  listed  below.  Pertinent 
data  were  extracted  r'rom  them  for  use  in  this  condition  survey. 

7.  Condition  survey  report:  Ohio  River  Division  Laboratories,  CE, 
"Condition  Survey  Report,  Malms trom  Air  Force  Base,  Montana,"  March  1961, 
Cincinnati,  Ohio. 

8.  Pavement  evaluation  reports: 

a.  U.  S.  Army  Engineer  District,  Seattle,  CE,  "Report  on 
Pavement  evaluation,  Great  Falls  Army  Air  Base,  Great 
Falls,  Montana,"  July  1944,  and  Addendum  No.  1,  "Airfield 
Pavement  Evaluation  of  NE-SW  Runway,  Warm-Up  Apron,  and 
Portions  of  N-S  Runway,  Taxiways  P,  Q,  R,  and  S,  Malmstrom 
Air  Force  Base,  Great  Falls,  Montana,"  March  1955,  Seattle, 
Wash  in, Hon. 

b.  U.  Army  Engineer  District,  Walla  Walla,  CE,  "Pavement 
Evaluation  Report,  Apron,  Runway  Ends,  Taxiway  Extensions, 
and  Alert  Taxiway  aid  Apron,  Malmstrom  Air  Force  Base, 

Great  Falls,  Montana,"  June  1958,  Walla  Walla,  Washington. 

History  of  Airfield  Pavements 


Design  and  construction  history 

9.  Details  of  the  construction  history  of  the  airfield  pavements 
(extracted  from  the  reports  referenced  in  paragraphs  7 and  8)  are 


* A table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  vii. 
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presented  in  table  1.  Pavement  thicknesses,  descriptions,  and  other 
details  are  presented  in  + nble  2. 

LO.  The  pavements  cor..-t runted  during  1942- 1 >43  were  designed  for 
• ■ 0,000-lb,  single-wheel  load,  except  for  the  A : ron,  which  was  de- 
signed for  a 7'  ,000-lt  , s in. -le -wheel  load.  Pavements  constructed  during 
1951-1^52  were  designed  for  • ; CO, 000-11.  twin -tandem  assembly,  with 
wheels  ■•■iced  at  31  by  in.  and  with  a contact  area  of  267  sq  in. 

Most  of  the  pavements  constructed  luring  1955-1956  were  designed  for  a 
00,000-lb,  twin-wheel  assembly  Ln  a tricycle-type  gear  configuration, 
with  wheel  spacings  of  37  in.  and  a contact  area  of  267  sq  in.  The 
alert  area  pavements  constructed  during  1955-19!  we  e desi  pied  for  a 
25,000-lb,  single-wheel  assembly,  with  a tire  pressure  of  200  psi.  Pave- 
ments constructed  during  1957-1959  were  designed  either  for  a 265,000-lb, 
twin-twin  assembly  having  wheels  spaced  at  37-62-37  in.  in  a bicycle- 
type  main  gear  configuration  with  a contact  area  of  267  sq  in.  per  tire 
or  for  a 100,000-lb,  twin-wheel  assembly  in  a bicycle-type  main  gear 
configuration  having  wheels  spaced  37.5  in.  center-to-center  with  a con- 
tact area  of  2o7  sq  in.  per  tire.  Design  -riteria  used  for  construction 
during  1967  were  for  a 2' ,000-lb,  single-wheel  load  with  a tire  infla- 
tion pressure  of  200  psi. 
mraffic  history 

11.  A detailed  traffic  record  was  not  available  for  this  study; 
however,  some  traffic  information  was  available  from  previous  condition 
surveys  and  pavement  evaluations.  During  World  War  II,  traffic  opera- 
tions were  primarily  from  P-39  fighters  and  B-25  medium  bombers,  with 
some  traffic  from  B-17  bombers  during  the  first  8 months  of  1943.  From 
1944  to  1952,  the  majority  of  traffic  consisted  of  C-47  and  C-54  passen- 
ger and  cargo  aircraft  operations.  From  1953  to  1956,  the  aircraft  that 
used  the  airfield  were  B-29  and  B-50  medium  bombers,  C-54  and  C-124  pas- 
senger and  cargo  aircraft,  and  jet  fighters. 

12.  During  the  period  January  1957  through  June  i960,  the  air- 
field was  subjected  to  39)294  cycles*  of  aircraft  traffic,  of  which 


* A cycle  of  traffic  is  one  takeoff  and  one  larding. 
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1;3  percent  were  aircraft  with  gross  load:/  of  less  than  28,000  lb;  33  per- 
cent, with  gross  loads  of  33 .000  to  ''>,000  ih;  2 percent,  with  gross 
loads  of  56,000  to  76, 000  lh;  Less  t!  ■ n 1 per'  •:  1 , with  grow  loads  of 
76,000  to  123 ,000  11;  and  .72  percent,  with  gror-.c  loads  over  323,000  .lh. 
For  the  past  9 yearn , airfield  traf  ?‘i  '•  hen  eve  raged  1,300  cycles  per 
month,  of  which  75  percent  is  •omposed  of  ’’-101  and  F-lOf  fighter  air- 
craft. The  other  pei  • - * nclu.de  3-13.5,  • 88,  C-9,  C-ll  L,  '’-130, 
C-ll8,  and  other  miscellaneous  aircraft.  The  average  number  of  cycles 
per  month  for  the  heavier  < Lrcrf  ft  foll<  : KC-3  ■ , ; L-I88 

30;  C-9,  12;  1-lUl,  5;  C-130,  ; and  3-]  L8,  7.  No  b-5?  aircraft  have 

been  based  at  MAFB.  The  NS  (20)  end  of  the  runway  is  used  for  approxi- 
mately 00  percent  of  the  takeoff,  ar.d  landings. 

Conditions  of  i uve-ent  turf  .■&:• 

lavement  ir.nnectior.  proccdur.> 

13.  fhe  following  pr  :edure  ii  ting  the  ii  ectiox 

of  the  rigid  pavements.  Re  iresentati  ••  • al  r 

tailed  inspection.  The  features  were  then  inspected  s3-  b*  : La!  , - vd 

the  defects  were  recorded.  he  3 1 if  tl  ndivi 

fea  ires,  the  ins]  ion  tartin  ■ nl  , and  recti 

the  pavements  were  inspected  [ :hown  arr  w are  indi  • • • 

It.  The  results  of  the  rigid  pavement  rrvey  for  those  ture 
that  were  inspected  in  detail  are  presented  le  3.  This  *-hl> 

shows  a quantitative  breakdown  of  the  various  types  f de •->  i 
condition  rating  for  each  pavement  feature  inspected  in  del-  il.  Ihe 
procedures  used  for  determining  the  condition  rating  of  pavement  arc- 
given  in  Appendix  III  of  Department  of  the  Army  Technical  Manual  TM  5- 
827-3,  "Rigid  Airfield  Pavement  Evaluation,"  dated  Cepteml-  r .19'  . 

Runway 

15.  In  general,  the  pavement  on  the  runway  was  considered  to  be 
in  good  condition.  The  first  .1000  ft  of  the  5W  (02)  end  of  the  runway 
(features  F3A  and  P4B>,  which  is  1 '-in.  . 1 nd  -ament  concrete  (PCC) , 

* A slab  is  the  smallest  unit,  containing  no  .joints,  of  a given  pave- 
ment feature. 
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was  in  rery  good  - nditlon.  The  rst  1000  fl  the  NI  (20  end  (fea- 
tures F 1 aid  SPB),  which  i a also  1 -in.  ' we.  !n  xcellent  struc- 
tural .'onditior.,  and  :o  major  defects  were  noted.  The  joint  sealing 
materials  on  both.  1000- fi  runway  ends  wer  ; cor  condition  and 

had  completely  leteri  ■ ted  betw  ei  ;labs  it  the  southwest  end. 

The  asphaltic-concrete  AC  . >rtion  »i  thi  runway  was  in  good  condition, 
even  though  there  were  numerous  In- , Itiri  inai  and  transverse  cracks  that 
appeared  to  be  reflection  racks  photos  1 and  .?). 

’ rim-irv  4 ax 'ways 

T . The  primary  * • xiway  system  -or. : s‘.s  of  taxi  way  T,  the  apron 
taxiway,  and  taxiway  >.  < uthwesl  • f taxiway  T (feature  TLA) 

was  in  good  condition.  The  AC  portion  of  taxiway  was  in  poor  condi- 
tion >1  3 • Th<  mrff  his  tac  iway  was  uneven  and  contained 

numerous  cracks  and  scaler  in  the  slurry  seals  placed  in  1959  and  1965. 
The  apron  taxiway  ( features  TLA  and  T7A)  was  in  very  good  to  excellent 
condition,  even  though  there  were  a considerable  number  of  minor  de- 
fects. Taxiway  0 was  in  ex  -eller:4-  -ondition. 

"arkinr  -apron 

17.  The  large  maintenance  and  parking  apron  (features  A1B  and 
A2E)  was  in  very  rood  condition.  Several  discolored  slabs  were  noted  in 
the  area  that  appeared  to  have  been  caused  by  water  that  originated  from 
below  the  pavement  surface.  A french  drain  was  installed  along  the 
apron  taxiway  in  19^5.  The  installation  of  this  drain  has  remedied  the 
problem  of  water  on  the  surface  of  the  pavement.  The  joint  seal  on  the 
apron  was  in  fair  condition. 

Aerospace  Defense 
"onmar.d  L'-.DC)  facilities 

18.  The  ADC  alert  hangar  aprons  were  in  very  good  condition.  The 
Pr’C  portion  in  front  of  the  a a-t  hangar  was  placed  in  1965.  Taxiway  B 
was  considered  to  be  in  fair  condition. 

Frost  Action 


Objectives  of  inspection 

19.  One  member  of  the  team  inspected  the  pavement  facilities  for 
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evlden  e of  detriment,.-!.'!.  *':•  * effe  ’ The  ubje -t  ives  of  the  inspection 

were  to  determine: 

a.  Any  adver  effec  t 1 the  pavement  - 

ing  the  winter  months. 

b.  Ai  ■ ■ i iw-terapei  . re  : m t ra cti  ra  ik- 

ing to  the  flexible  pavements. 

c.  An r ■ might  be  re 

thaw  we  a ides  or  se  ourse  . 

i''ros‘.  heave 

Lrfi<  wer  inspected  for  surfa  :e  5 ri  ej hilari- 
ties indicative  d . Li  pection,  which 

was  conducted  or.  and  -.pri.l,  did  not  coincide  with  the  period  of 
thawing  of  frocen  joursec  and  sub grades  when  the  effects  of  any 

nonuniform  heave  would  e most  appt  r-.-ut. 

1.  Er  ineers  in  1 ase  ineering  Office  were  queried 

regardir  d enl  f iesi  *fac<  venness  during  the 

winter,  i ' ; t t r mie  wt  n -ht , 

since  the  field  has  not  been  used  by  f-52's.  The  consensus  of  the  survey 

er,  ! hat  1 J sxhibit  roughness  detectable 

itomobile  pi  mj  I . T1  ement  run- 

way interior  was  as  moot’  ■ the  rigid  pavement  runway  ends,  despite 
prevalence  low-t<  ture  lontraction  cracking  as  described  in 
rag i I.  h<  17  erlays  the  rm  ay  Interior 

were  constructed  to  reme  ..."  • pavement,  roughness  -ondition  as  well  as 
instance-]  of  badly  cracked  pavement.  This  reported  roughness  seemed  to 
be  most  noticeable  to  fighter  plane  pilots.  Base  Civil  Engineer  Office 
ersora  report*  at,  Lurit  prii  either  I : , 

a transverse  crr-ck  appeared  - cross  the  entire  runway  near  the  north  end 
Lbiting  a lif ferenti*  1 eave  of  1 in.  This  pavement  later  settled, 
and  the  runway  was.  heater -planed,  leveled,  and  overlaid  during  the  sum- 
mer of  1970.  If  the  heave  -nd  crack  occurred  during  the  winter  of  1969, 
their  development  could  be  explained  bv  the  fact  that  this  particular 
winter  was  the  coldest  recorded  for  *ne  past  UO  years  and  as  a result 
there  was  substantial  rub.  rode  frost  penetration. 

22.  Except  for  .one  minor  surface  unevenness  along  taxi ways  T 


and  the  tax '.ways  and  ' r ; . were  smooth  at  the  time  of  the  inspection 
an  i were  rated  in  1 < ml  ition.  . ase  Civi  ngineer- 

rted  und<  ■ f e une\  esj  Ln  th<  winter  r 

spring.  h<  irfaces  Lexible  . ! er  ■ t n 

l_l/2  in.  lower  than  the  • d.iacern  ’■’C  ' pavements  In  two  limited  areas 
a on,'  i »e  parking  apron.  I*  ,•  not  letermined  whether  the"e  vertical 
1 1 spin  rer.er.ts  a 4 tne  1 • the  ' 1 ana  flexible  pavement;;  were 

■onsequences  of  nlig;.’  1^  'renter  frost  reave  of  the  rigid  pavement  or 
of  settlement  of  the  !'.*•••  ••  pavement . In  9^8,  a 100- ft  ection  of 

the  flexible  pavement  t-yiway  . wn replaced  because  of  cracking  and 
' ear  a 200-ft  ex ibl< 

the  east  end  of  tax  - a! so  replaced  because  of  aging,  deteriora- 

tion, end  settlement. 

■ wa  wen  ( m i n e vidence  >f 

ng.  . le  ■ Lckt  s >.  the  >verrun  pavement  is 

in.,  . hat  >f  th  adja  :ent  ri  i i pavement  is  only  36  in.)  The 

' ron  shoulders  showed  considerabl<  me  venness  in  many  areas, 
budin;  trai  rse  racks,  p<  rti  rularly  in  taxiways 

• , and  i in  the  s n-ui  apron  (see  photos  b and  5). 

ro  rob;  resu.11  of  ’rosi  e;  ing,  while  much  of 

the  cracking  v • , 1 ffic. 

■ • frost  ••70 v.  those  affecting  the 

sonerete  xiway  ights  and  • ir  erted  in  the  shoulder 

pavements.  Several  light  bases  along  taxiway  T were  heaved  for  about 
1 in.  above  the  adjacent  pavement,  while  mai  e rovers  Ln  v iways  R 

and  A ^ sre  nit  Ln.  higher  than  t ent.  These  dif-  - 

ference  in  pavement  elevations  constituted  a problem  for  snow  removal 
equipment. 


■'re  ex  in;.-  indices 

- lay  ■ ha  sd  m temper- 
ature data  from  the  Great  Vis  International  Airport  Weather  Station) 
w&s  cited  in  a previ  s survey  report  (see  paragrapl  7 - This 

value  reflected  the  average  of  the  three  ;olde  f winters  in  the  30  years 
preceding  the  design  of  the  pavements.  Utilizing  data  from  the  same 


t. 


r ,ation,  up  to  and  nc  !ud  r r the  1 •>'  -7 ? -a.  >>  , a recomputed  index  ol* 

tQ20  degree -day-  • *•  • * • i > <•<]  - \i,,  - .....  -oldest  winters  of 

fche  past  30.  Seasonal  ... 


breezing 

Sensor 

Freezin  :r:dex 
degree- 

Freezing 

Scsson 

Freezing  Index 
degree-day 

) - • 

76 1* 

1966-67 

543 

' e )- 

611 

1967-68 

ol7 

; 

56 

197,8-69 

2183 

1961-62 

694 

1962-0 

1970-71 

908 

19<  . 

- 

1305 

1 )6k- 

1 ' - 

’•lean  1938-71 

671 

• winter  occurrences  of  southwest 

Chinook  winds,  w!  rises  of  k0  F or 


chmoo/.  winas,  v*  . ■ r--  : 1 u-  riser  of  U0  F or 

e in  24  hour  winds  t i n 

seasonal  freezir  - in:'  ■ are  u.  11..  low  for  a continental  lo- 

cation at  this  I true.  •?  ' ' tabu." '‘ted  above  were  determined 

nthly  1 - ices  thus  deter- 
mined are  ( r than  1 ise  determined  - :onsidei 

' ' ' i r f . ■ . . ths  at 

both  end.-  of  the  freezing  eason.  eti  ever,  do 

indicate  the  relative  severity  fcers  ring  heavy- 

1 oa  ] air  ra ft  : era tion.  - i i -espect,  1 inter  m s over 

- ; . older  -t  i . other  winter  in  the  past  1,0  year  . 

'Hiree  other  very  cold  winters,  (I96I-  196)1-65,  an'  1971-79)  oc-urred 

during  this  period. 

.’7.  In  view  of  the  :\a  :t  that  experienced  1 -cecing  ' dices  have 
been  ot  design  magnitude  o higher  during  four  . .* '■  •,  the  pave- 
ments have  been  constructed,  the  general  1 • n e of  irr  m • Ji'Ter- 

- • : ■ frosi  heavii  ; o : 1 ea  ts  si 

combined  thickness  of  pavement  and  base  vc-  ■■  Ire 
grade  freezing  durin,  the  design  year  ra*:. y • 


In.  and  t bgr  si  enetrati  es  fr  mt  ( 

to  70  in.  Substantial  subrrude  freezi n,-.; , there'  i,;  possible  beneath 
ill  *he  heavy-loa<l  pa  vert-  .*;-.  inoe  'he  1 -Kress  for  ‘he  rigid 

ivement  is  on!  36  in.,  . that  >r  e nenl . fr « 

H4  to  4f  in.  ' 'hr  resulting  frost  heaving  has  been  remarkably  uniform, 
and  the  condition  o:'  the-  : aveuentr  indicate  tint  it  has  been  a minor 
factor  jn  pavement  u-aoklng.  "’he  performance  o-  the  shoulders  is  not 
’ ■ . red  unsai  cto  , although  some  of  the.  pavements  sh  >w  c • 

siderable  un --vennes;: . 

C round water 

8.  The  ■ MAFB  if  approximately  aoo  ft  below  present 

ground  elevation,  it  re  definite  f-'lden  -e  of  n nerched  '.-.-iter 

1 ier  ■ e enl  em.  rhe  sandstone  bedrock  i ; 

ubgrade  consist  of  predomi- 
nantly lean  to  indy  cla\  ( OL ) ,*  with  some  scattered  areas  cf  fat  clay 

' CH) . * Evidence  t a perch'd.!  water  table  was  found  at  the  following 
.......  . 

a.  Tax  1 ■ ■ re  ome  of  the  cut  drain  were  emptying  into 

the  manholes,  while  other  subdrains  were  dry.  K '-97  air- 
craft traffic  was  reported  to  have  ; ’ imped  water  through 
the  cracks  in  the  pavement  along  portions  of  this 

taxi  way, 

b.  l'axiwy  where  1 subdrain  on  tl  wthwest.  ride  con- 
tained a slight  ‘'low-,  while  a sub'irnin  on  the  northeast 
side  was  dry. 

c.  Tax! way  Q,  where  water  was  observed  flowing  into  a man- 
hole from  the  subdrains. 

d.  The  parking  apron  between  taxiwaj  Q and  sta  77+23,  where 
the  reported  flow  of  water  from  the  1 • vement  .joints  was 
eliminated  by  tue  nstallation  of  a subdrain  along  the 

ea  ••  I ’the  rigid  pavement  in  1965. 

lew- temperature  cont  . f-jr • : rack! nr. 

1*9 - Record  tempera*  ire  'or  MAFB  are  -43  F (December  L968)  and 


for  • : • it  ions  under  1 1 e r.  s. 

Department  of  Defense,  in  lied  Soil  Classification  System  for  Roads, 
is,  < 1 : Standard  MIL- STD- 

Jovernme  'ini  ing  )ffi  :e,  Washington,  c. 
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August  >69).  the  1 ibl*  iv*  1 a\  p i en  e 

low- temperature  • •• 4 >•■•  * : Tack  It  ••.  the.  < --ire  not  induced  by 

• ra fl  r frost  1 r I t ■-  t eristic  oi 

AC  at  w temperature  ' • , 1 ■ ■ ljust  to  ther- 
mal witracti  t : ;es.  ere  this  ty]  f . ■ i *e sent,  most 

the  cracks  are  trnnrver--.  . however,  there  are  :/  rorrro  • -.*/'  tudin-l 

generally  t the  loi  tudinal  ; . A 5 of 

yet,  only  dnor  int  . *ed  these  cracks.  The 

Tontraction  crackir  1 ersely  i : ■ er 

the  load-carrying  capacity  tl  ess  of  t ese  pavements.  The 

runway  overrun  pavement.-  appear  to  be  the  least  affected  by  this  type  of 
ing,  alt  me  raveling  of  ;urff  c<  treat  mei  t -urred. 

apparent  tl  bitumii  m*  t re  ' )3 er- 

ant  of  er  e >nt  tress*  th;  the  1 r AC.  Phi  fact  may 

ref]  :i  ;reat«  ranc  tress*  these  low-stability 

face  eourcer , but  more  probably  results  from  th*  lower  temperature- 
susceptibility  of  the  bitumen  used. 

Thaw  weakenin' 

30.  The  extent  of  oaken/'..1  of  the  sub  grade  and  base  courses 

»uld  Li3  errnined  1 pe  :tion  of  > pavements.  : ave- 

ment  r«  1 itherwise  corrected  (as  with  over- 

lays) as  they  occur  and  usually  are  not  easily  examined  during  a condi- 
tion .rjr.ey.  however,  even  where  ex  ..min-  tio?-  is  possible,  it  is  often 
impossible  to  establish  by  visual  observations  whether  a failure  is  the 
result  of  thaw  weakenin'  or  of  deficiencies  in  the  thickness  of  the 

ent  c -espe  ( the  "nor  jading.  The 

depletion  of  the  fatigue  resistance  of  a pavement  system  in  a frost  area 
is  progressive  under  rern  fed  loadings  and  is  related  to  thaw  weakening 
in  that  the  rate  of  depletion  is  r iurinj  ‘ e frosl  -melting  period. 

This  rate  of  pavement  weak  • Inc  holds  true  whether  the  evidence  of  fa- 
tigue be  om*  pparent  the  meltii  p*  riod  >r  at  some  other  time. 

The  degree  of  thav  weaker  ’ng  and  its  effects,  if  nu-,  or  the  condition 
of  the  pavement  :•  at  MAk’B  -onseguen'  y Tould  not  e appraised  solely  by 
thi  i • • . jam*  n Lon  f th«  erity  of  thai 


weakening  effects  can  be  rained,  however,  by  comparing  the  7 e rformance 
of  certain  pavement  features  with  what  might  be  expe  ted  in  the  light  of 
current  frost  design  criteria. 

31.  The  heavy-load  flexible  pavement  features  include  the  runway 
interior,  with  a combined  thickness  of  hh  in.,  and  portions  of  the  taxi  - 
way  system,  with  a combined  thi  kness  of  hn  in.  These  combined  thick- 
nesses are  substantially  less  than  those  required  by  the  current  design 
criteria  for  limited  sub.  rude  frost  penetration  and  the  reduced  subgrade 
strength  requirements  for  me d i un-1 oad  avements.  Furthermore,  the  taxi- 
way pavement  thi  iknesses  ar<  f In.  less  than  those  required  by  current 
criteria  for  a nonfrost  iedrn.  Despite  +hese  deficiencies,  these  fea- 
tures appear  to  be  In  - > ! 1 -xcellent  condition,  except  foe  portions 
of  taxiways  S and  '!',  ••■ere  • I •;. ' • leant  deformation  and  longitudinal 
cracking  have  occurred.  • lam-are  to  these  feature::  is  considered  to 
have  been  load  induced,  and  thaw  weakening  of  the  base  course  and  sub- 
grade may  have  been  part  I all;.'  responsible. 

32.  The  heavy-load  rigid  pavement  features  are  generally  3 to 

h in.  deficient  in  • • ■ ■■  >rding  urrent  nonfrost  de- 

sign criteria.  In  addit I ■.,  the  combired  pavement  and  base  thicknesses 
are  substantially  less  ai  th  ise  required  by  current  frost-condition 
design  criteria  for  reduced  ubrrade  strength  design.  Despite  these 
deficiencies,  these  facilities  appear  to  be  in  good  to  excellent  condi- 
tion. There  has  been  no  B-  traffic  reported  at  this  base,  and  neither 
the  pavements  nor  the  design  criteria  can  be  considered  to  have  been 
fully  tested. 


Maintenance 


33*  Maintenance  of  tne  runway  pavements  at  MAFB  has  ineliided  ap- 
plying overlays,  sealing  erac1  applying  a rejuvenator,  and  heater- 
planing.  The  maintenance  of  the  remaining  AC  pavements  has  consisted 
of  the  placement  of  slurry  seals  and  the  replacement  of  small  sections 
of  taxiways  R and  T with  AC  of  the  same  structure  the  original  pave- 
ment. A 300-  by  100-ft  section  of  the  alert  hangar  apron  was  replaced 


with  12  in.  of  PC  ’ in  1 H -ft . Maintenance  of  the  V'  ' pavements  has  been 
limited  to  the  sealing  f ' Lnts  and  cracks  and  th<  repair  of  spalls. 
Main! enan  e < jq  < . i : tu  •<  it  MA  B ha  r<  been  as  11  ws : 

FY  19>'7  $17,312  FY  1970  $ 27,863 

FY  1968  • ,7-V  FY  1971  628,459 

FY  196-9  54,491  FY  1972  (3  suarters)  6,564 

kva-Luat  ion 

34.  A summary  of  the  pavement  evaluation  is  given  in  table  4. 
Previously  published  : avement  evaluations  were  undated  to  eliminate  air- 
craft that  are  no  longer  in  the  Air  Force  inventory  and  to  include  air- 
craft that  have  beer,  added  to  the  inventory  since  the  last  pavement 
evaluation.  The  evaluation  is  based  on  r.he  pavement  thickness,  flexural 
strength  (PCC),  base  and  subbase  thickness  and  str  ngth,  strength  of 
subgrade  ( • ’T1"  or  k value),  and  the  structural  condition  of  the  pavement. 

ConclusJ ons 


. h»  . ng  tatements  summarize  the  findings  of  this 

2 rspection: 

a.  Tlv  l'i-in.  P'  ' pavements  on  the  runway  were  in  very  good 
to  excellent  structural  condition. 

b.  ."he  AC  pavement  on  the  runway  was  in  good  condition. 

£.  The  ] - and  19-in.  PCC  apron  pavements  'were  in  very  good 
to  excellent  -ondition. 

d.  The  a..ert  area  pavements  (10-  and  12-in.  PCC)  were  carry- 
ing the  1 ads  imposed  on  them,  even  though  taxiway  B was 
approaching  failure,  based  on  the  percentage  of  slabs 
cor.*  -dr  In.  no  ma.ior  defects. 

e.  Phe  1 'C  pavements  on  the  taxiways  were  in  good  to  excel- 
lent condition. 

f.  e eal  mat<  Lais  in  the  PCC  pavements  were  in 

poor  to  fair  condition. 

£.  Damage-  to  ti le  pavements  as  a result  of  freeze- thaw  cycles 
has.  been  ■ ! lor. 
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LEGEND 


R2 X - FEATURE  DESIGNATION  (SEE  NOTE  ') 

2"AC  SURFACE  PAVEMENT  THICKNESS  AND  TYPE 


TYPE  OF  FEATURE 
R - RUNWAY 
T - TAX  I WAY 
A - APRON 

TYPE  T RAFFIC  AREA  (SEE  NOTE  2 ) 

a - a type  traffic 

B - B TYPE  TRAFFIC 
C -C  TYPE  TRAFFIC 
X - NO  traffic  TYPE  ASSIGNED 


AC  ASPHALTIC  CONCRETE 

PCC  PORTLAND  CEMENT  CONCRETE 

DBST  DOUBLE  BITUMINOUS  SURFACE  TREATMENT 

► DIRECTION  OF  SURVEY 


NOTES  l FEATURE  DESIGNATION  DENOTES  r ✓PE  'jF  FEATURE, 

NUMBER  OF  FEATURE  FOR  GIVEN  TYPE.  AND  TYPE  TRAFFIC  AREA 
2.  TRAFFIC  AREA  DESIGNATIONS  ARE  BASED  ON  MEDIUM- 
LOAD CRITERIA 


SCALE  IN  FEET 


S7A  46  + f>5 


LEGEND 


FE! 


ASPHALTIC  CONCRETE  (AC) 

PORTLAND  CEMENT  CONCRETE  (PCC) 

ASPHALTIC  CONCRETE  (AC)  OVER  PORTLAND 
CEMENT  CONCRETE  (PCC) 

BLAST  PAVEMENT  ( AC  - NO  N TR  A EPIC  ) 

DOUBLE  BITUMINOUS  SURFACE  TREATMENT  ( DBST) 


NOSE  DOCK 
APRONS 


SCALE  IN  FEET 

400  BOO 


iO  0 '0  20  30 


malmstrom  afb 

PAVEMENT  PLAN 


PLATE  2 


